Abstract Swidden cultivation can contribute to deforestation and land degradation, which can subsequently result in a number of serious environmental problems. This paper examines the economic and social potential of agroforestry systems and the barriers to their widespread adoption, as a land use alternative to swidden cultivation, which may potentially help protect local forest. The Gunung Salak valley in West Java, Indonesia is presented as a case study. Based on farmers' and experts' assessment, costs and benefits have been estimated, which show that the two investigated agroforestry systems have higher net present value and benefit-cost ratio (B/C) than the two swidden cultivation systems. Tree ownership also creates more permanent rights to farmland and is prestigious in the community. Agroforestry products (fruit, vegetables etc.) have high monetary value and help strengthen social cohesion when shared with neighbors. However, farmers are reluctant to implement agroforestry. Stated reasons are related to both culture and capacity. Farmers practicing agroforestry are less involved in forest clearing and forest products collection than swidden farmers indicating that it may contribute positively to conservation of local forests. Increasing the adoption of agroforestry farming in the study area will require support to overcome capacity constraints.
Multiple terms are used to refer to swidden cultivation and related systems in the scientific literature: swidden agriculture, shifting cultivation, slash-and-burn farming, as well as regional terms jhum in South Asia or ladang in Indonesia ( Van et al. 2012; Mertz et al. 2009; Imang et al. 2008) . 'Swidden' was first proposed as a term by the Swedish anthropologist K.G. Izikovitz in 1951 in the sense of burning woody vegetation to clear land for agriculture (Peng et al. 2014; Russell 1988) . 'Shifting cultivation' is often used more broadly to refer to agricultural activities where fields are cultivated for crop production for a number of years and then left fallow for a number of years (Vongvisouk et al. 2014; Therik 1999) . However, others define it more narrowly to refer to systems in which the entire livelihoods of farmers are shifted with the cultivation within the forest landscape (Aweto 2013; Inoue 2000; Adimihardja 1992 ). Our focus is on swidden that does not necessarily refer to shifting fields but only to land cleared by burning (Peng et al. 2014; Marten 1986) , as is the case in our research site in Gunung Salak.
In Gunung Salak valley, West Java, Indonesia swidden cultivation practices are deeply rooted in communities' culture and provide various subsistence products mostly to local poor farmers . However, this system can have serious negative environmental consequences by contributing to deforestation and land degradation (Peng et al. 2014; Rahman et al. 2012; Barraclough and Ghimire 1995; Gupta 1993) . The most severe environmental impacts occur in two ways, firstly, when the swidden cultivators clear forests to prepare land for cultivation and, secondly, from the forest clearing process fire can escape and burn uncontrolled in adjacent forest areas (Rahman et al. 2012; Mai 1999) . Loss of forest cover and degradation of remaining forest can greatly increase the incidence of soil erosion in areas on steep slopes (Shoaib et al. 1998; Sfeir-Younis and Dragun 1993) . Soil erosion and landslides have negative effects on a range of ecosystem services including food provisioning from agriculture in both uplands and lowlands, and can negatively affect farm families' standards of living (Rahman et al. 2012) .
In order to overcome the negative consequences of swidden, farmers would need to adopt new practices that serve multiple purposes including conserving forest resources as well as producing food and supporting sustainable development (Leakey 2010; Roshetko et al. 2008; Sunderland et al. 1999) . Agroforestry, and specifically the practice of growing trees on farmland alongside crops, has well-established research evidence of its potential to reduce deforestation and forest degradation at a landscape scale (Rahman et al. 2014; Idol et al. 2011; Garrity 2004) . One definition of agroforestry is 'a dynamic, ecologically-based, natural resources management system that, through the integration of trees on farms and in the agricultural landscape, diversifies and sustains production for increased social, economic and environmental benefits for land users at all levels ' (Mead 2004) . In response to both environmental concerns and the need to ensure the sustenance of livelihoods, there are many examples where agroforestry is advocated as a potential solution to the need to develop a more sustainable form of land use that improves farm productivity while, at same time, improving the welfare of the community (Roshetko et al. 2013; Leakey et al. 2012; Ahmed and Rahman 2000) . Agroforestry can be more financially profitable to local farmers than traditional monoculture systems, and support the transition to permanent cultivation (Rahman et al. 2014; Franzel and Scherr 2002; Predo 2002; Mai 1999) . Agroforestry is not only financially, but also environmentally, promising compared with simpler systems, by ameliorating the agroclimate and increasing biodiversity (Jessica et al. 2014; Swallow et al. 2006; Huxley 1993) , protecting soil organic matter and increasing nutrient cycling (Elevitch and Wilkinson 1998; Wu 1996; SaeLee et al. 1992) .
If agroforestry is really as beneficial as scientific studies suggest, the logical prediction would then be that this system would be adopted by a high proportion of farmers. However, this is not the case in large areas of the tropics (Meijer et al. 2015; Jepma 2013; Dahlquist et al. 2007; Kiptot et al. 2007; Craswell et al. 1998 ). The research reported in this paper addresses this issue by analyzing the value of existing agroforestry systems, investigating their economic and social potential relative to swidden farming. We also seek to identify what factors are barriers to widespread agroforestry adoption. This information would be valuable for the development of appropriate strategies to encourage more farmers to adopt agroforestry and to improve management of existing agroforestry systems (Fisher and Bunch 1996; Saxena and Ballabh 1995; Nair and Dagar 1991) . We also assess the evidence that agroforestry may better conserve forest, by comparing forest products' extraction and land clearing between agroforestry and swidden farmers.
Materials and methods

Study site
The study area lies between 6832 0 11.31 00 S and 6840 0 08.94 00 S latitudes and between 106846 0 12.04 00 E and 106847 0 27.42 00 E longitudes, and is located in the Gunung Salak valley, Bogor District, west Java, Indonesia. The reason for selecting this site is that both agroforestry and swidden cultivation are practiced by farmers in the same communities and environments. Thus their economic and social potential can be compared and the barriers to agroforestry adoption can be investigated with precision. The sustainability of livelihoods in the study area, like much of Indonesia, is threatened by overall poverty with low income and poor infrastructure development (Badan Pusat Statistik 2013) , and the expansion of subsistence agriculture (especially swidden) due to rapid population growth is a major contributing factor to forest loss and environmental degradation (EST 2015; Galudra et al. 2008) . Moreover, restrictions on the harvest of some products (e.g. timber) from natural forest provide an economic incentive for smallholders to integrate trees into their farming systems. All of these characteristics of the study area are representative of a large proportion of Indonesian and tropical Asian agricultural landscapes.
The climate in this region is equatorial with two distinct seasons, 1 i.e. dry (April-October) and rainy (November-March). The region is more humid and rainy than most parts of west Java, the average relative humidity and annual precipitation are 70 % and 1700 mm respectively. The average temperature is 25.9°C, and the diurnal range is 9-10°C, rather high for Indonesia (Badan Pusat Statistik 2013; Wiharto et al. 2008) . The soils are highly fertile and dominated by volcanic sedimentary rocks. Given the proximity of large active volcanoes, the area is considered highly seismic.
Field data were collected during January-August, 2013 from two purposively selected 2 sample villages, i.e. Sukaluyu and Tamansari located in the northern valley of Gunung Salak, where the total population is approximately 8200, living in 1200 households. The study site has poor infrastructural facilities, and the local economy is mainly based on agricultural and forest products (Badan Pusat Statistik 2013). Our survey showed that in the two villages most community members have small land holdings (\1 ha) and carry out subsistence agriculture. Upland rice, irrigated rice, maize, and varieties of vegetables and fruits are the main agricultural crops. Land is used in various ways, such as rice fields (sawah), gardens (kebun), mixed gardens (kebun talun), mixed forests (talun) and swidden cultivation fields (huma/ladang) (Kleden et al. 2009 ). Private land use rights are granted by the government but farmers have no formal rights to state forest land. In the agroforestry farms, people cultivate various fruits, e.g. durian (Durio zibethinus), mango (Mangifera indica), rambutan (Nephelium lappaceum) and menteng (Baccaurea racemosa), and timber trees, e.g. teak (Tectona grandis), sengon (Albizia falcataria) and Jabon (Anthocephalus chinensis), with various understory crops, e.g. cassava (Manihot esculenta), maize (Zea mays), pineapple (Ananas comosus) and cincau (Cylea barbata). In the swidden fields, people commonly cultivate upland rice (Oryza javanica), maize (Zea mays), yam (Dioscorea spp.), beans (Dolichos lablab) and cassava (Manihot utilissima). Fruits, vegetables, bamboo, rattan and firewood are also collected from nearby forests. Agricultural and forest products are sold in the local and district markets, and are an important source of household income, besides wage labor, and retailing.
Data collection
Primary data were collected by rapid rural appraisal (RRA) for the basic socio-economic and geographical information of the research site using village mapping and key informant interviews (FAO 2015; Angelsen et al. 2011) . These sessions were conducted by involving village heads in the purposive selection of farmers based on their knowledge about the village and surrounding areas.
Two focus group discussion (FGD) sessions (one in each village 3 ) and field observation methods were used to identify the types of local cultivation systems and their contribution to local livelihoods. The village heads and local farmer representative groups (consisting of eight to twelve farmers 4 ) were present in the FGD sessions. Field observations were carried out in 25 locations which were decided based on the information gathered from RRA and FGD. During the observation period, several pictures of local cultivation systems were taken, and relevant information was noted with the help of an expert local informant.
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In-depth interviews of farmers were conducted to obtain the data needed for cost-benefit analysis of agroforestry and swidden. Two agroforestry farms of contrasting types (i) durian and cassava (agroforestry 1) and (ii) teak, yam and maize (agroforestry 2); and two swidden farms of contrasting types (i) upland rice (swidden 1) and (ii) maize (swidden 2), were selected. Based on the output of FGDs and field observations, these four farm types were purposefully selected by the first author as being popular (commonly adopted at a wider range) and providing the highest incomes among the farm populations in the agroforestry and swidden farming categories. During the interviews, the farmers were asked several questions about the actual and envisaged costs and benefits of each cultivation system, i.e. establishment cost, total yields, total labor requirement, cost of irrigation, pesticides, and fertilizer. The data collected from the four cultivation systems were checked with a local government agriculture officer to verify that the absolute values were in the expected range based on his experience of farming systems in the study area.
Twenty agroforestry and 20 swidden farmers were selected for semi-structured questionnaire interviews to collect information about their land holding area, income, farming benefits to their livelihood, forest products (FPs) collection, the area of forest that they cleared, 6 and the barriers to agroforestry adoption that they faced. Due to the range of land use practices and the unequal distribution of farms in the study area, purposive sampling was used to select farms that adequately represented the full development of the system type into which they were classified within the range of local land use practices. 7 We estimate that they represent about 30 and 40 % of the farmer populations who are practicing agroforestry and swidden respectively. A number of questions were refined with the help of the expert local informant and during FGD sessions to make sure that they elicited the information required. The product value of crops was calculated with the key informant farmers during the interview based on the amount harvested in one production year (the most recent year).
Other data were gathered from the local government forestry office, the Southeast Asian regional office of ICRAF and CIFOR headquarters located in Bogor, west Java, to corroborate the primary data that were collected from the research site, and for background information and qualitative inputs for the study.
Analysis
Qualitative analysis was carried out using the narrative analysis technique, particularly to investigate the social potential of existing agroforestry systems. For cost benefit analysis, the net present value (NPV), benefit-cost ratio (B/C) and payback period were calculated and compared following Stocking et al. (1990) . The NPV determines the present value of net benefits by discounting the streams of benefits and costs back to the beginning of the base year (Disney et al. 2013; Stocking et al. 1990 ). The NPV is calculated by the following formula:
where B t is the benefits of production by a cultivation practice, C t is the costs of production by a cultivation practice, t is the time, running until the end of the investment at T, r is the discount rate. The B/C compares the discounted benefits with discounted costs. A B/C of greater than 1 means the cultivation is profitable, whilst a B/C of less than 1 means that it generates losses. The B/C is calculated as follows:
The payback period measures the number of years it will take for the undiscounted net benefits to repay the investment (Stocking et al. 1990 ).
Assumptions
Land and establishment cost
The market for agricultural land is underdeveloped in the study area, therefore the price of land is difficult to identify. However, as mentioned by Macdicken and Vergara (1990) , there is no need to value the land separately if farmers want to change the use of their existing land to agroforestry. Thus, in our analysis the land value is omitted from the calculation. Establishment costs include: i) labor cost for land preparation, and ii) the price of seeds, seedlings and fertilizer which are required to start a project.
Yields
Crop components included in calculations for the selected cultivation systems are summarized in Table 1 . The values of yields were calculated on an annual basis. Yields of durian (from grafted seedlings) are calculated under three categories, i) low yields during the fourth to sixth year, ii) medium yields during the seventh to eighth year, iii) high yields from the ninth year onwards. The market value of timber for the teak, yam and maize agroforestry system is calculated in ten-year rotation periods, after which it is assumed that teak is replanted.
Labor
Farmers often use family labor for farm work, but hired labor is also important in the study area. Family labor is not a cash expenditure from the farmer's perspective, and it is complicated to identify the amount of family labor contributed to each cultivation system, as farmers have different household size and labor availability. Therefore, all calculations were conducted based on the total amount of labor -day required for each cultivation system.
Pesticides, fertilizer, irrigation
Even though pesticides and fertilizers are minimally used in swidden and for understory crops in agroforestry, the costs are calculated based on the amount used in one production year as reported during the interviews. The cost of irrigation is ignored as high intensity rainfall occurs throughout the year, thus irrigation is not a cash expenditure for farmers.
Time horizon for analysis
Once forest trees are included in the agroforestry system the lifespan of this project can be considered indefinite. However, for simplicity, in our analysis the project life is considered to be 30 years as this may be a realistic lifetime for one rotation of durian trees in agroforestry system 1, which has the longest cycle. The consequence is that trees planted for timber in agroforestry system 2 can have three rotations (harvest cycles) and other crops have 30 annual cultivation cycles during the project lifespan. A similar time horizon is used in other comparable studies (e.g. Rahman et al. 2008 Rahman et al. , 2014 .
Results
The cash flow of the four different cultivation systems (Fig. 1) , and the calculations of NPV and especially B/C, show that both agroforestry systems are more profitable than the two swidden systems (Table 2 ). Whereas profitability measured by NPV is similar in three of the systems, for agroforestry system 2 (with teak) it is almost three times higher. This is driven by the high output prices of the teak timber production from this system. Even though teak-based agroforestry requires some additional costs during rotations, these are offset by the return from selling timber. Furthermore, the value of intensively managed diversified understory crop yields in the teak-based system is higher than for both swidden systems, thus agroforestry system 2 is the superior land use option in the study site.
Risk factors should be accounted for in the financial analysis, as agricultural projects may face a wide variety of risks.
8 Furthermore, it is important to consider the assumptions in the calculations. Therefore, sensitivity analysis was conducted on changes in discount rate 9 (Table 3) , and variation in yields (Table 4) . Regardless of the discount rate used, agroforestry 2 remains the most profitable system, whereas agroforestry 1 provides a lower NPV than the two swidden systems for discount rates of 20 % and above. In the case of decrease in yields, the NPV of both agroforestry systems are always positive and higher than swidden cultivation (Table 4) .
No difference in payback period was found between the four systems ( Table 2) . A 1 year payback period for the agroforestry systems indicates that within a year the undiscounted net benefit is high enough to repay the comparatively higher investment in establishing this system. 8 Many natural risk factors are site specific (e.g. landslides, lava flows) whereas others are more widespread (e.g. storms). Some threats are induced by humans, such as fire, pest introductions and price fluctuation (e.g. if supply is increased due to increases in output due to expansion of farm production). 9 One method to include risk into analysis is to use an increased discount rate, which reflects the added yearly risk of a project (see Elevitch and Wilkinson 2000) .
Through the semi-structured questionnaire interviews and FGDs, it was identified that agroforestry not only creates production capacity, but also tree planting establishes more permanent land rights for farmers, with those rights transferring to future generations. In contrast, fallow or swidden systems may weaken tenure security. One of the respondents established his durian-based agroforestry farm in 2001, and he remembered that before practicing agroforestry 'I left my land abandoned and one of my neighbors used it to stack his logs to sell that he had harvested'. During FGDs, it was reported that cultivation categories defined as 'agroforestry' are prestigious in the community, owing to the high value of tree products (e.g. teak, durian) which have higher monetary value than do products from swidden agriculture. Additionally, agroforestry farmers share their fruit and vegetable products with neighbors, providing direct benefits to others and strengthening social cohesion. Agroforestry also creates various jobs, such as traders and regular or seasonal wage-laborers for harvesting, transporting, sorting etc. of fruit and timber, thus supporting the emergence of farm-related rural employment and specialization.
Despite agroforestry systems being more profitable, more prestigious and better for securing land use rights, some farmers in the study area still persist with the less profitable swidden cultivation. The semistructured questionnaire interviews with 20 key informant swidden farmers revealed some of the Payback period (year) 1 1 1 1
Agroforestry 1 (durian and cassava) = no cost for cassava seeds/seedlings from years 2-30 as farmers produce it from the previous year; additional labor cost* for the durian harvesting** in the years 4-6 (trees first bearing fruit/low production), 7-8 (medium production) and 9-30 (full production) Agroforestry 2 (teak, yam, maize) = additional labor cost * for timber harvesting*** in years 10, 20, 30, and land preparation (e.g. stump clearing) in years 11, 21; extra cost for seedlingsÓ in years 11, 21
Cost and revenue are estimated to be the same for years 1-30 for swidden 1 (upland rice) and swidden 2 (maize)
Agroforest Syst (2017) 91:185-199 191 factors underlying non-adoption of agroforestry (Table 5 ). Adoption is hampered by capacity (2, 3, 4) and motivational (1) factors. Capacity constraints were mentioned 27 times by the farmers, while motivational factors were mentioned 18 times. 'No interest' in agroforestry practice is deeply rooted in their tradition, whereas swidden practice has been practiced by generations. 'Lack of capital' is also a serious constraint on initial investment in agroforestry. This is particularly true for swidden farmers as their cultivation practices are largely subsistence-oriented and yield insufficient capital to invest in agroforestry, i.e. it requires about half of their annual household income to invest in agroforestry (Tables 2 and 6 ). Lack of technical assistance is another major constraint as government programs to promote agroforestry do not exist in the study site. There is no agroforestry extension, no technical or market information, no price guarantees and no supply of high quality seedlings. The interviews with the 40 key informant farmers revealed that most of the swidden lands in the study site are semi-permanent with cultivation interspersed with either short or long fallow periods, whereas other agricultural land is cultivated continuously without fallow periods. Swidden farmers occupy less land than agroforestry farmers because (i) low household income restricts them from investing in new land and (ii) limited labor is available for agriculture as a high proportion of household labor is required for off-farm work which accounts for a high proportion of their income 10 (Table 6 ). Eight-five per cent of swidden farmers were involved in forest clearing whereas only 30 % of agroforestry farmers were involved in this activity. As a result, on average a swidden farming household cleared a larger area (0.29 ha) of forest than an agroforestry farming household (0.09 ha). Among swidden farmers, 45 % of them cleared forest for the establishment (by slash-and-burn) of swidden farming, whereas a relatively low number of agroforestry farmers (15 %) cleared forest for agroforestry purposes.
Swidden farmers collect, on average, more firewood from forests than do agroforestry farmers (Table 6 ). In interviews, the respondents said that this difference is because there is a big stock of firewood available in the agroforestry farms, especially from tree pruning and thinning. Also, their relatively higher farm income enables agroforestry farmers to buy gas cylinders, thereby reducing their need for firewood. Cattle rearing is not common in the research site, thus the rate of fodder collection from forest is low. Swidden farmers collect more forest food than agroforestry farmers. This was due to the diversity of crop species in agroforestry systems providing various types of food, and at the same time the higher farm income of agroforestry farmers enabled their households to buy food from local markets. There are a total of 4 timber, 15 fruit and nut, and 23 other understory crop species cultivated in the agroforestry systems. a Forest food mainly constitutes bamboo shoots, mushrooms, tubers and other leafy vegetables, nuts and fruit including rambutan, menteng and wild bananas 10 Annual household off-farm income is calculated to be 8.5 and 15.2 million IDR, i.e. 70 and 75 % of total household income for swidden and agroforestry farmers respectively, and much greater than the total farm income. During FGDs it was reported that households allocate a high proportion of their labor to this off-farm work.
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As an alternative to swidden farming, in the Gunung Salak study site agroforestry systems were found to be financially profitable and have good potential to secure sustainable livelihoods through diversified food sources and strengthened land tenure. Durian-and teak-based agroforestry systems are the most popular in the study site. The B/C indicated that total monetary gain is much higher in both of these systems than the total costs required to undertake the project, and much higher than for swidden systems. In addition, the payback period showed that there was no notable problem of delayed cash returns for those farmers adopting either agroforestry system; it was equal to the 1 year period of the swidden systems. However, NPV showed only one agroforestry system (the teak-based one) to be notably more profitable than both the swidden systems. Both sensitivity analyses confirmed that it is the teak-based agroforestry system that is more profitable over a range of conditions than are the durian-based agroforestry or swidden cultivation systems. Smallholder teak production in Java is an important source of cash income for rural families (Roshetko et al. 2013) and has become part of many farmers' culture (Perdana et al. 2012) , whereas swidden has retained this cultural status in the study area. There are 1.5 million smallholder farmers in Java managing 444,000 ha of tree-based agroforestry systems, where teak is the dominant tree crop. In other parts of Indonesia, there is an additional 800,000 ha of smallholder agroforestry, where teak is one component of multispecies, tree-based systems, favored because of its high market price (Departemen Kehutanan 2005) . In Central and East Java, smallholder farmers see tree farming systems as a 'living savings account' that diversifies production, reduces risk, and builds assets to enhance family incomes and security ). De Foresta et al. (2004 found that the average annual income from mature fruit and timber agroforestry systems in Krui, Lampung were IDR 2,410,000 ha -1 yr -1 . Tree farming systems in the Philippines provided a range of annual incomes equivalent to IDR 2,374,802-163,553,043 ha -1 yr -1 , which greatly exceed incomes provided by annual crop systems, and the imperata grassland shifting cultivation system (Predo 2002) . Tree-based production systems are also promoted in government policies because of their perceived biological, economic and social resilience in the context of anthropogenic climate change and other production challenges (Alfaro et al. 2014; Steffan-Dewenter et al. 2007; Thorlakson and Neufeldt 2012) .
In our research site, through active tree planting, agroforestry creates permanent rights to farm land that transfer to future generations. Practicing this permanent form of cultivation is also prestigious in the community, because the tree products have high monetary and social values. From a social and institutional point of view, agroforestry is an important element in smallholder farmers' land security strategies in Indonesia (Michon and de Foresta, 1999) , giving farmers the opportunity to secure tenure, as the recognized tree planter, with the property being legally transferred to descendants as patrimony (Michon 2005) .
Furthermore, swidden farmers have capacity constraints on agricultural cultivation of a large land area, thus they are only able to use less land than agroforestry farmers. Low household income limits the capacity to invest in cultivating new land, due to the importance of off-farm income in the livelihoods of the studied households. Available labor to cultivate agricultural crops is the most limiting resource for them. On the other hand, more permanent sustainable agroforestry practices require less labor input. Thus, smallholder tree cultivation is recognized as a viable livelihood strategy in various agroforestry and community forestry programs (e.g. FAO 2006; Sales et al. 2005; ICRAF 2003) .
The debates on the underlying causes of tropical deforestation and the drivers of agents' behaviour are complex, and the relationships between forest clearing and household and contextual variables vary depending on the setting (VanWey et al. 2005) . Even with a limited land holding capacity, swidden farming households at our study site cleared a larger area of forest than did agroforestry farming households. Even though the average distance of swidden farm household to the nearest forest is relatively far, they collected more firewood from forests than did agroforestry households. This is because agroforestry farms have a good supply of firewood, and relatively higher farm income allowing a larger proportion of agroforestry farmers to buy gas cylinders. Recent studies in different locations around the tropics indicate that one important reason for deforestation is crop growing (Babigumira et al. 2014) , and swidden farming is often held to be the principle driving force for that (Fox et al. 2000; Angelsen 1995; Myers 1992) . However, Heltberg et al. (2000) reported that one of the main drivers of forest degradation in rural India is unsustainable firewood collection. A study in the buffer zone of the Kerinci Seblat National Park, Indonesia highlighted the relationship between farm diversification and reliance on adjacent national park resources (Murniati and Gintings 2001) . Factors associated with a higher tendency to extract forest products from protected areas were low farm income and low supply of on-farm tree-based products. A study by Garrity et al. (2002) around the Mount Kitanglad Range National Park in Mindañao, the Philippines provides support for a link between adoption of agroforestry and reduction in pressure on forest.
Even though agroforestry systems have major economic benefits for farmers, several factors constrain agroforestry adoption. The major one in the study area is lack of investment capital and the higher traditional cultural value of swidden farming, which has been practiced by many generations, within the local communities. There is an absence of government assistance which could help to overcome these barriers to adoption of agroforestry. Several other studies have also found that tradition and customs are still a decisive factor influencing farmers' choice to practice swidden cultivation (Padoch et al. 2014; Peng et al. 2014; Predo 2002) and that lack of capital and government backing 11 are crucial constraints on agroforestry adoption (Rahman et al. 2012 ; Van et al. 2012; Mai 1999) . Institutional innovation theory pioneered by economists (Hayami and Ruttan 1971; Schultz 1964) argues that physical constraints can be compensated by knowledge and institutional influence. Empirical evidence from Sumatra, Indonesia illustrated that with a supportive local institutional influence, tree culture has extended greatly into the landscape of swidden cultivation fields where young trees are cultivated with crops (Michon 2005) . Swidden cultivation eventually disappeared when the agroforestry silvicultural system had sufficiently matured and started to function as a productive and profitable tree-based system. When agroforestry systems fit local biophysical and socioeconomic conditions, they can rapidly become part of local culture (Perdana et al. 2012) . There is potential for this intensification to be achieved in our study area through a smooth adaptation of tree-based farming practices with necessary government backup, thus the association of 'agro' and 'forest' components will occur at the level of the farming system itself, and if adopted at a sufficient scale it will significantly contribute to increasing tree cover in agricultural landscapes (see also Michon 2005) .
Conclusions
Communities in Gunung Salak have created a cultivated landscape which their livelihoods depend on. Their traditional swidden cultivation practices provide various subsistence products, but they can have serious negative environmental consequences by contributing to deforestation and land degradation. Agroforestry is an alternative cultivation strategy that has been adopted by some farmers within the communities. It does increase average farm income, making it more resilient to changes in market and economic conditions, and reduce pressure on adjacent forest for conversion to agriculture and as a source of firewood, fruits, vegetables and other products. These agroforestry systems also enable farmers to secure permanent land tenure and can improve social cohesive in communities. Adoption of agroforestry by farmers in the Salak valley can be increased by the implementation of supportive policies and measures (including capital support and technical assistance) by government and non-government organizations. These measures are most likely to be effective if they are sensitive to the strong local tradition of swidden cultivation and underlying systems of local knowledge. Effective policies should be propagated not by temporary projects but by permanent, government-backed institutions that are focused on agroforestry practices and the needs for their adaptation to meet new opportunities and constraints (see also Rahman et al. 2008) . The successful adoption of durian-and teak-based agroforestry by many farmers in the study area indicates the high potential for success of such a programme. 11 Other studies conducted in West Java, Sumatra, and Sulawesi also indicate that technical assistance is an important factor for agroforestry farm intensification and farmer motivation (Martini et al. 2012; Manurung et al. 2008; Roshetko et al. 2007 ).
